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Analysis of Artificial Flock Characters 
Moving Pattern based on Boid method  
 
Abstract  
This paper presents the results of the experiments used an artificial life  
simulation program, named  MLIFE (Motion simulator of artificial Life).  
which make the flock type movement based on the original theory of 
simulating bird flocks known as “Boids”, by C. Reynolds.  I added and 
mixed several adjustable parameters (steering forces, range of view, speed, 
weight of flock members) in MLIFE and each parameter is set and change  
easily with the interface of MLIFE.  Within several flock movement 
simulation on MLIFE, I could observe many kinds of interesting behaviors 
of them, which keep changing endlessly. Based on the categorized result of 
moving pattern, I found some typical moves which looks like the real nature 
behavior, for instance, from nerve cell connection, molecular attraction to 
the planet orbiting. And in the later part of this paper, new function of 
MLIFE will be introduced, which make possible to observe the invisible 
power which affects the movement of flock member each other.  
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1 Introduction  
This paper presents the results of the experiments on visual 
simulation of artificial life, named MLIFE (Motion Simulator 
of artificial Life).  Based on the original theory of simulating 
bird flocks known as “Boids”, by C. Reynolds [1], I added and 
mixed several adjustable parameters in MLIFE. Through this 
process, Various kinds of interesting behaviors observed.  
 
Running this program on Mobile Device programed based on 
the language Swift, it is easy to observe over the changes of the 
formation of flock member movement, and change the Main 
Parameters Interactively touching the surface interface.  
 
 
And I found out some of the movement patterns are very unique, 
which looks like representing some kind of special movement. 
I categorized them into five groups and some of them remind 
us many kind of movement in nature. (molecules in liquid, 
planet orbiting truck, nerve system) Additional information 
about “adjustment slider menu” is shown in this part, which 
gave the simulator more interactive functions, for subtle 
adjustment. 
 
Addition to this, later part of this paper will introduce the new 
function of MLIFE, which enable us to see the “Invisible Forces” 
which works between members in neighbor each other which 
change the moving pattern of total shape of flock group. which 
shown as the [Figure 2] 
In the most last part of this paper, I will introduce the issue 
which discussed through the results of this experiment.  
 
1: The way of categorization of flock cluster movement.  
2: Roll of the leader and way of seeking attempts.  
3: Recording method of the trace of flock movement pattern.  
4: Categorize the pattern of various kind of flock nature, not 
only in life form but non life movement like molecules.  
5: Diagram of “Invisible Forces” to define the Nature of Group 
6: Mixture of different Group with different kind of behavior  
 
2 System Overview 
In this section the functions of MLIF will be described and 
explained according to 4 sections of theme below.   
 
A: Set Up the Initial Movement 
B: Flock Motion Algorithm 
C: Recording the Movement Truck  
D: Combination of Movement Parameters 
 
A: Set Up the Initial Movement 
As discussed in Artificial Life Research [4], The way of 
initializing starting parameters set up is, one of the main issue 
which affects the form of flock members movement a lot. And 
also the role set of the “Leader” is another issue. Because as 
known as common understanding, flocks themselves don’t have 
any target or destination to go without the leader [5].  Luck of 
the cause the flock movement looks like chaotic and sometime 
they tend to behave like mindless or aimless crowd.  
 
 This time in MLIFE, I define the rule of movement shown as 
the figures following [Figure 1]. While the Leader continue to 
move in endless changing pattern inside certain limited area, 
described above, he each member of the flock, such as Bird, 
Rabbit, Ball (each character has different manner of move) 
 
 
Figure 1: Monkey (Leader followed by other characters) 
 
follows the Leader. And here, it has to be pointed out that the 
most essential and important parameters used in the algorithm 
through the procedure described, “Max-Speed” and “Mass-
Weight” of flock member, “Steering-Force” which is the Force 
to change the member velocity, “Monkey-Distance” which is 
distance between Leader and Member. And as I discus in later 
part of this paper, the parameters related to the manner of 
following leader is one of big factor which affects the pattern of 
the group move.  
 
 
Figure 2: Diagram which shows the invisible powers working between the flock member 
 
B: Flock Motion Algorithm 
The basic set of algorithm I employed in MLIFE, are basically 
used in known as “Boid” [1].  Every member of flock has 
associated a visibility sphere, and inside the vision of the 
member several series of adjustment of position, velocity are 
made. Through this procedure, very basic and important rules 
are three. And in this rules, several number of variables are 
essential to define the total form of flock cluster motion. 
 
u Check if flock-mate in vision by [Vision] rule   
u Avoid collision with nearby by [Separation] rule 
u Match the velocity to neighbor by [Cohesion] rule 
u Stay close to neighbor by [Alignment] rule 
 
 
C: Combination of Movement Parameters 
Through the all process running in MLIFE system, there are 
various kind of parameters and functions which are changeable 
in many kinds of combinations. Among those parameters 
combinations, in this paper I selected most essential 6 
parameters as listed in the table below.  
 
1. Distance to Leader 
2. Maximum speed of Member 
3. Mass Weight of Member 
4. Off-limit Distance  
5. In Sight View Distance 
6. Maximum Force of Final Adjustment 
 
D: Recording the Movement Truck 
After basic installation of the algorithm on MLIFE, I started 
observation of the remarkable movement patterns which 
appears according to the different combination of valuables.  I 
implemented several kinds of recordings, and the result of trace 
look varying depends on the change of the settings of drawing, 
even if it is very subtle change.  
In the end, I found that the drawing style which shown in 
pictures in [Figure 3] is most suitable, because it repeats and 
keep the lines certain timing, produce the beautiful and 
remarkable volumes of line strokes, in which it is easily found 
the characteristic motion which emerge according to the each 
parameter setting. 
 
 
3. Observation of Movement Form 
 
Running MLIFE simulation system, and observe the endlessly 
emerging form of flock. And after the series of observation by 
recording od the trace on each change of parameters [Figure 3], 
I could gather certain amount of results which can be 
categorized in several kinds of form, described as blow. 
Figure 3: Truck of Movement Patters 
 
A: Birds Fly 
High speed of motion is seen. Flock move fast and quick, and 
immediate changing flock form pattern seen according to the 
behavior of Leader. There I select and named three main pattern 
of Birds Fly, as Starling, Sparrow, Crow. 
 
B: Rats Follow 
This pattern of move looks like the cluster of small animals 
gather toward the Leader. Because of the combination of wide 
range of distance to nearby member and distance for check in 
view parameter, all of the members tide up each other quite 
tight., same as “Reporter” pattern in [Figure 4].  
Figure 4: Variations of moving pattern truck 
 
C: Insects Around 
This Form looks reminds the quick move of insects or small 
creature at Beach like crab cluster, Because of the combination 
of light Mass (weight) and Tight connection of Cohesion. 
 
D: Fish Swim 
Three combination of parameters are also set to big value, 
which is Mass Weight, Speed and Insight. This type of flock 
members are move fast, but can not change the direction so 
quick, This movement of group look like, Fish swimming 
around in Ocean.  
Figure 5. Parameters combination for Galaxy 
E:  Galaxy  
Here, this pair of example are different each other, when look 
the pattern of movement, but in same time they have some 
features in common. As value of Range of view of one to 
another set big, that makes this both group member are look and 
check each other almost all the time. But the result of movement 
is different, Gold Fish pattern to Galaxy. [Figure 5] 
 
F:  Molecule 
These forms of movements are quite unique. With the set of 
very high value of both Force (multiply to Steering Force) and 
Insight (range of view of one to another), all the members are 
connected and push and pull each other, with the rule of [Flee] 
and [Cohesion] at same time. Two of the form named after their 
behavior, both Micro Molecule and Chrystal Formulation, are 
look very much like microscopic image of molecules or 
microorganism. 
Figure 6: Parameters combination for Chaos 
 
G: Chaos 
Much more violent version of molecules. Combination with the 
quite low value (almost zero) of Mass (Weight), and very high 
value of Insight and Force make the movement like, Turbulence 
which look quite chaotic.  They never stop shaking trembling 
and switch their position each other. [Figure 6] 
 
 
4. Invisible Forces 
 
While each flock character moving with other members in 
neighbor, several kind of forces works between them. And 
through the algorithm of “Boid” method, all the forces are 
added together onto the current velocity of the member, in the 
end of one cycle of flock movement calculation.  
Figure 7: parameter output of Fleeing Force 
 
First one is the “Fleeing Force” which works when a pair of 
member are “too close” situation. (Defined by: Distance of off-
limit Range and this process called as Separation). [Figure 7] is 
an example of the out put of parameter list of Cohesion Process. 
Figure 8: parameter output of Seeking Force 
 
Second one is the “Seeking Force” which makes each member 
keep together with the group of member near by. Each member 
move toward the center of the neighbor group, (Cohesion) and 
adjust the speed of those group (Alignment) as well. The group 
for these adjustment are defined by the parameters of “View” 
of each member. (View is defined by: View-Range and View-
Angele) [Figure 8] is an out put of parameter of Alignment 
Process. 
And so on, other Force of “Seeking for Leader Force” which 
make the member attracted by the Leader, and “Fleeing from 
Leader Force” which works when the member get too close to 
Leader. 
 
A: Force Diagram 
To make it much easier to observe the Force functions in the 
process of flock movement, beside the parameter output 
analysis, MLIFE system installed the function of “Viewing 
Invisible Forces” which shows the diagram consist of lines and 
dots which represent the parameters like: position, dimensions, 
force value, view-range, too-close-range, view-angle.  
Figure 9: Diagram to show the forces of Cohesion 
 
For instance, the lines and the dots shown in [Figure 9] 
represent the “Force of Cohesion” situation, in which the 
members keeping position together each other. Pink dots shows 
the average position of the center of the group in near by, and 
the blue line show the members belong to that group. Number 
of the blue lines centered in pink dots means the number of the 
group in Cohesion process. 
B: View Range and View Angle 
Through all the movement calculation, the definition of “View” 
id the most important process. The “View” mean how wide and 
how far is the member’s ability to recognize the neighbor 
member.  For instance, birds have the very wide range of view 
and good quality of vision. That means bird would react to the 
members in the wide range of view. MLIFE simulator can set 
this value of “View-Range” and “View-Angle” by shifting the 
slider interface. And the setting Diagram of those value could 
be shown over the screen while flock animation moving, as 
shown in [Figure 10].  
Figure 10: Diagram of “View Range” and “View Angle” 
 
In this Diagram, diameter of blue circle shows the “View Range” 
and the purple triangle shows the “View Angle”, while the 
pointing line showing the current Velocity of each member. 
As an additional experiment, watch what happen if the value of 
“Vision Angle” changed while the movement. [Figure 11] 
shows the situation of this. Here, the “Vision Range” is set to 
be 360degree, which means the member can see all around 
angle. Then, the color of blue circle and pink circle tint, which 
means that all members are in the “Vision” each other.   
Figure 11: Diagram of 360degree “View”  
 
 
B: Center of Balance and Flock Formation 
While the MLIFE system has the function of “Transparent-
Mode” in which the character is invisible and only the forces of 
Diagrams are visible. As shown in [Figure 12], along to this 
setting, also the moving pattern of tracing lines (Motion truck 
of Leader) can be seen, and that makes the view of the 
movement totally shows the forces and movements.  
That enable the observation of those issues only and make it 
easy to see the movement of “Center of Balance” and the total 
view of “Flock Formation”.  These two concepts represent the 
type of the behavior of total group of the flock.  
Figure 12: Transparent Mode 
 
It is very obvious that the total shape of flock group pattern is 
seen as the “Nature” of the flock, and it can be considered as 
the important concept to define the movement pattern nature. 
Total image of the flock motion pattern can be seen here. 
Figure 13: Center of Balance of Insects Group 
 
For Instance, with the movement setting of “Insects-Around”, 
each member of flock always gathered tight together, and move 
quite fast, all the flock group member moves altogether almost 
simultaneously. This type of movement pattern is seen on the 
[Figure 13] in which “Center of Balance” is found as the 
densely gathered pink dots in the center area of the group. 
Obviously, this “Bug cluster” like group is moving toward 
altogether heading to Leader (Monkey), Every member is 
attracted toward the pink dot cluster. 
Figure 14: Spooky formation of Crab in beach 
 
In contrast to the example above pattern, the case like the 
movement of social organic style of “Crab in beach” shows 
totally different formation. [Figure 14] shows the shape of the 
formation of this kind of little bit spooky form and movement. 
Same time in the movement this kind of group, each member 
seems like scattered all direction, but watching each other and 
keep certain distance and certain velocity. Altogether this 
motion creates the spooky behavior of those bug like creatures 
running over the beach.    
 
 
5. Result and Discussion 
 
Through the research with MLIFE system, including phase of 
development, I found some possibilities to be consider for 
another challenge in future.  Here I would like to discuss about 
issues which I reached by with the result of this experiment, and 
there are the list of next step of research and development. 
 
A. Observation Setting 
Just let the system Run and Observe. This is very handy type of 
style to find out new form of Artificial Life. In this paper I used 
six main Parameters. But in next step, I think I would employ 
other combination of other valuables. Which might cause the 
change of behavior of Leader, Leader role swap.  
And also the idea of “Mixture of different kind of flock” might 
produce some interesting phenomenon. As shown in the [Figure 
15], for instance, pink character (Rabbits) and blue character 
(Balls) move according to each different rule of following the 
Leader (Monkey). 
 
Figure 15: Mixture of different Flock Style 
 
B. For Additional Adjustment 
Change of movement of various characters of flock, they 
remind us so strongly, that this experiment might be able to 
apply for research of other area, including biology or medical 
issue. Like Micro-Organism research in biology, the artificial 
life simulation will give chance to guess and find the key 
parameters for them. Some of them are very tricky. 
For make this kinds of attempt, many kinds of additional 
developments will be needed to be accomplished. Next step of 
work for MLIFE is, additional function to adjust each parameter 
in more individual and delicate manner.  
 
C. Nature of Character 
For example, maximum speed of member could be variable 
according to the type of part of movement, from like seeking 
colleague behavior, to fleeing from the enemy behavior.  
Presumably, if the character moves faster when they approach 
to the enemy and move slower when they flee from them, that 
means the character is “Brave”. And if it is other way round 
setting, that makes the “Timid” character. Including some kind 
of tricky setting of parameters which might give the new 
interesting moving patterns. In next step of the research, I 
would like to make characters with more obvious “Nature” in 
expression of movement pattern. 
 
 
6. Conclusion 
 
Getting started the experiment with MLIFE, there I found the 
possibility of discover the wider variety of patterns. As many 
previous research shows, the field of research of Artificial Life 
field based on the “Boid” method is very rich in the future 
possibility. Most part of the process I proceeded in this research 
would be done more then once by other researcher, but I could 
get an impression of fruitful field for future attempt in this area. 
 
Now I am working on, Additional Development for MLIFE, 
which make the Visualize in Real-time, the Calculation Process, 
not only in the out put of numbers, but various kinds of 
Diagrams which shows the “Invisible Forces” which affect the 
flock member relation and the movement changes more in 
detail. like speed changes, direction changes, according to the 
acceleration of velocity. This visualization system will make it 
more easy to understand the mechanism hidden in the changing 
movement patterns. 
 
And next step in the future, I would like to make challenge to 
apply and extend the form of the visual simulation wider 
example of life forms, like to the network functions like “Nerve 
Cell Signal Relation”, “Ant or Bee Colony Society”, or natural 
simulation like “Plants Breeding Process” , or “Battle between 
Species Evolution”. 
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